Abstract. Radiative corrections to the neutral current Drell-Yan-like processes are considered.
for the differential cross section of the hard photon contribution.
SANC team has the advantage of experience in the calculation of bremsstrahlung. We can obtain the numerical results both by the semi-analytical expressions (it is the standard BR module of the SANC) and by a Monte Carlo integrator or generator (with help of the new MC module).
In the third section we describe the adopted "subtraction" procedure in the expressions for virtual, soft and hard contributions to the NC DY cross section.
Numerical results are presented in the Sect. 4 both for the Born and for the EW NLO RC. We investigated the independence of the result on the variation of the soft-hard separatorω which provides one of the most important checks of the calculation. The sensitivity of the corrections to the variation of "subtracted" quark mass singularities was also studied.
In the conclusion we overview the present status of implementation of NC DY calculations into the SANC system.
As the main point of this article we offer for the import a stand-alone code for NC DY EW NLO RC at the partonic level together with the environment in which it was run. The sketchy description of this code is presented in Appendix. Codes are accessible from 
EW Radiative Corrections at the Partonic Level
As the rule of the SANC basement, we subdivide the EW RC into the virtual (loop) ones, the ones due to soft photon emission, and the ones due to hard photon emission. Later on in the section 4 in the Tables 1   and 2 , we demonstrate the independence of the EW RC off an auxiliary parameterω which subdivides the soft and hard photonic contributions.
In Fig. 1 we show the location of the 2f → 2f NC processes at the SANC tree. Moving along the menu sequence SANC → EW → Processes → 4 legs → 4f → Neutral Current →f1 f1 → f f (FF,HA,BR,MC) user arrives at the first standard SANC module, the scalar Form Factors (FF); then at the second module, Helicity Amplitudes (HA); then at the third module, the integrated bremsstrahlung (BR); and finally at the fourth module, the fully differential bremsstrahlung (MC).
• FF and HA Earlier, in our article [23] we presented the Covariant (CA) and Helicity Amplitudes (HA) of f 1f1 ff → 0 NC process, with all 4-momenta being incoming, for any of its cross channels s, t or u. The expressions for the CA and HA (see Eq. (30) and (33) • BR and MC The BR module computes the soft and inclusive hard real photon emission:
where the momenta of corresponding particles are given in brackets. We do not discuss the soft photon contribution here, referring the reader to the system itself.
As far as hard photons are concerned, we realized two possibilities of the integration over its phase space: the semi-analytical one (BR) and the one by means of a
Monte Carlo integrator or generator (MC).
The first one is based on two different sets of analytical integrals over two choices of kinematic variables parametrizing the hard photon phase space. In the first option (CalcScheme=0), the phase space looks like
where the two-body phase spaces are:
Here,ŝ ′ = −(p 3 + p 4 ) 2 and θ γ is the cms angle of the photon. Since, for the chosen parametrization of the phase-space the process matrix element squared does not depend on the angle φ γ -cms azimuthal angle of the photon -it is already integrated out in the phasespace. The angles θ 3 and φ 3 define the orientation of the momentum p 3 in the rest frame of the compound (p 3 + p 4 =0). These parameters vary in the limits:
After the integration over all angular variables, we obtained the compact expression for a single differential distribution of the hard photon contribution to the NC DY process, dσ hard /dŝ ′ . We neglected terms proportional to the initial quark mass but kept terms proportional to the lepton mass:
where
with the Born cross section given by Eq. (1). The coupling functions are:
We give also a more simple expression neglecting lepton masses. Then all masses remains only in the arguments of logarithms:
withσ 0 (ŝ) being the massless limit of Eq. (1).
In the second option (CalcScheme=1), the module BR computes the distribution: dσ hard /dĉ, whereĉ = cos( p 2 p 4 ). The phase space in this case reads:
where Z 4 = −2p 4 p 5 and φ γ is the cms azimuthal angle of p 5 varying within 2π limits. After integration over φ γ , Z 4 , varying within limits
andŝ ′ -within the same limits as in Eq. 3 Treatment of quark mass singularities
Partonic level
To perform the subtraction procedure at the partonic level cross section
we proceed in the same way as in our previous paper on DY CC [27] .
The subtracted expression ∆σ MS from the complete calculations with massive quarks:
Next, Q i and m i are the charge and the mass of the given quark; M is the factorization scale;σ 0 (sξ i ) is the cross section at the partonic level with the reduced value of s → sξ i .
The plus prescription in Eq. (16) can be treated in the following way:
The first contribution, ∆σ SV , related to soft and virtual photonic contributions, is given by
where we took into account that m 1 = m 2 = m q and
The second one, ∆σ hard , related to hard photon emission, is
Using subtraction procedure, the cross section with
Then it can be convoluted with PDF's in the usual
way. An equivalent subtraction procedure applied at the hadronic level will be discussed right below.
Hadronic level
The differential cross section of the DY process at the hadronic level can be obtained from the convolution of the partonic cross section with the quark density functions:
where the step function Θ(c, x 1 , x 2 ) defines the phase space domain corresponding to the given event selection procedure. The partonic cross section is taken in the center-of-mass reference frame of the initial quarks, where the cosine of the muon scattering angleĉ is defined. The transformation into the angle c defined in the cms of an initial hadrons involves the Jacobian:
The parton densities with bars in Eq. (23) mean the ones modified by the subtraction of the quark mass singularities:
where q(x, M 2 ) can be taken directly from the existing PDF's in the M S scheme (see Ref. [10] for the corresponding formula in the DIS scheme). It can be shown analytically, that this procedure is equivalent to the subtraction from the cross section, given by Eq. (22) . In the approach with subtraction from PDF's it is easy to keep the completely differential form of the sub-process cross section and therefore to impose any kind of an experimental cut. When the returning to the Z-resonance is allowed by kinematic cuts, the natural choice of the factorization scale is
For the region of higher invariant masses of the lepton
Numerical Results
The input parameters set is taken the same as used in
Ref. [21] (leshw input.h, see Appendix): 
Independence off parameterω and quark masses
The sum of the "soft" and "hard" photon contributions to the total and differential cross sections should not depend on the soft-hard separatorω, which we varied from 10 Each Table contains Tables 1 and 2 are derived for the only cut M µ + µ − ≥ 50 GeV. As seen, the residual quark mass dependence is very weak.
All the numbers were obtained with the aid of a FORTRAN code which consists of a hand-written main and FORTRAN modules automatically generated by s2n.f software of the SANC system, see Appendix.
Here we study the EW scheme dependence of the corrected cross sectionσ 1 arising from the definition of EW constants in the α(0), G F and G ′ F schemes.
In Table 3 we show the results forσ 0 andσ 1 at the Born and one-loop levels and for the corresponding RC factors δ in three EW schemes.
The α(0) and G F EW schemes are defined as usually [32] . In the G ′ F scheme one assigns the same oneloop value of the coupling constant standing at all photon vertices α QED ≈ 1/132.544. It has been adopted in Ref. [12] and used in Ref. [27] for the sake of com- Table 3 . The total lowest-order parton cross sectionσ0 and one-loop corrected cross sectionσ1 in pb and relative RC factor δ for the two EW schemes GF and G 
However, for the process uū → µ + µ − (γ), especially at high energies, the G ′ F scheme does not seem to work satisfactorily.
Note, that for α(0) scheme it is sufficient to show only ∆-rows, since all the other entries are already given in Tables 1 and 2 .
As concerning the choice between the α(0) and G F schemes, we favor the latter since its effective energy scale is known to be of the order of a weak boson mass.
Moreover, in the results presented in the α(0) scheme, the hadronic contribution to the vacuum polarization in the photon propagator is taken into account in an approximation, using the one-loop formulae supplied by the quark masses listed in Eq. (26) . In any case the difference between the schemes is related to the contribution of higher orders of the perturbation theory and gives us a crude estimate of the corresponding contribution to the theoretical uncertainty.
Hadronic level
Results presented in this section were obtained with the aid of two standalone packages: 1) a MC integrator based on Vegas algorithm [33] and 2) a MC generator based on FOAM algorithm [30] . All the calculations are done with Les Houches 2005 setup [21] in G F EW scheme. Besides input parameters Eq. (26), one has to specify cuts on the lepton invariant mass M µ + µ − , muons transverse momenta p T (µ) and muons pseudorapidity η(µ) which were used at production of figures below:
In Figs. 2 and 3 we show the distributions dσ/dp T and dδ/dp T obtained with the aid of the MC integra- One may draw the same conclusions as for the distributions in p T .
The similar distributions are presented in Ref. [17] calculated, however, with different setup and cuts, therefore they cannot be compared straightforwardly.
Conclusions
In addition to the results presented here, one has to take into account one more O (α) contribution of the photon-induced subprocess γ + q → q + l +l, which was recently computed in Ref. [34] . can be used by other codes. We also give a short guide to the main flags which are being used not only in this package but also govern the work of any package which uses SSFM, as our integrators and generators do.
• Overview of the package The steps of calculation in the main* files in accordance with Eqs. (22), (18), (15) by integration over 4d-phase space of Eq. (6)- (7) of the function 4d xx yy -via SSFM call nc ha xx yy (...,hard)
• The package can be accessed from project home- 
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